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Abstract 
In this research, an attempt has been made to find out the influence of the process parameter along with their interactions on the
dimensional accuracy of part fabricated using two different rapid prototyping machines namely fused deposition modelling 
machine, and a low cost open source 3D printer. 3D open source printer (3D-OSP) is one of the newly developed rapid 
prototyping (RP) process for part fabrication. It has been observed from previous research that the contribution of parameters 
such as raster width, slice height, and path speed are the most significant to the dimensional accuracy of 3D open source product
while raster width, slice height, and tip dimension are the most influencing factors for fused deposition modelling machine.  
Taguchi parameter design of experiment method has been used to find out the optimum parameters level to minimize percentage 
change in length (L1), length (L2) and height (H) of test specimens fabricated by each of these two rapid prototyping machines.
Experimental result revels that there is different optimal parameters level setting for each dimensional characteristics namely
change in length (L1), length (L2) and height (H). Therefore, grey relational method is used to obtain optimum factor level of 
each dimensional characteristic simultaneously. Dimensional accuracy of parts fabricated by two different technique namely 3D 
open source printer and fused deposition modelling machine is within a desired range. Appropriate controls of machine process 
parameters improve the dimensional accuracy of parts. It is concluded that a low cost 3D open source printer gave sufficient 
amount of part accuracy when it is compared with the industrial based fused deposition modelling machine. 
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1. Introduction 
Manufacturing processes are radically challenged worldwide by economic, socio-political and technological 
dynamics that have a tremendous impact on enterprise behaviour in the market, and consequently, on the research 
priorities of the scientific community [1]. The introduction of new legislation in manufacturing to diminish the 
product development time that fabricate parts directly from the CAD (computer aided design) model on a layer by 
layer deposition principle [2]. Rapid prototyping process are classify according to the type base material used but the 
availability of material within each category is limited by constraint offered by Rapid prototyping process itself [3]. 
The strengths and weaknesses of each RP processes have depend on the type of material and building styles used for 
the fabrication of parts. In literature a wide variety of approaches have been addressed the problem of analyzing and 
improving the dimensional accuracy, surface roughness, mechanical strength, etc. of RP parts by optimization of 
different machine process parameters. Kim et al. [4] have study the quantifications and compared the various RP 
processes. It was concluded that the stereolithography (SL) process is advantageous in hardness, accuracy, and 
surface roughness and the Poly-jet process in tensile strength at room temperature. The selective laser sintering 
(SLS) process was advantageous in compressive strength and manufacturing speed, the three dimensional printing 
(3DP) process in speed and material costs, and the laminated object manufacturing (LOM) process in heat 
resistance. The FDM and LOM processes were superior in impact strength in the scanning direction, but the change 
of building direction significantly reduced the tensile and impact strengths [5]. Dao et al. [6] calculated shrinkage 
compensation factors to improve dimensional accuracy of parts fabricated using Stratasys FDM 1650 rapid 
prototyping machine. Result shows that shrinkage compensation factors of 1.010 will produce a 53% reduction in 
mean error of the dimensions. Xu et al. [7] studies four dominant rapid prototyping processes currently available in 
the market such as stereolithography, selective laser sintering, fused deposition modelling, and laminated object 
manufacturing (LOM) with respect to dimensional accuracy and surface finish. He concluded that that the 
stereolithography process gives the best dimensional accuracy for the most of the measured dimensions followed by 
LOM, FDM, and SLS. SL is the most excellent process with fine features and dimensions while FDM and SLS 
perform at same level but LOM gives worst performance. SL and LOM give best results than SLS when roundness 
of cylinder is measured while FDM gives worst performance. Further, FDM Process has an advantage over the SL 
process due to easily broken material can be used to build the support, making the removal of the support easier. 
Many authors have reported regarding the superiority of the SL model for medical applications. Nizam et al. [8] 
determine the dimensional accuracy of the skull models fabricated using stereolithography process. Computed 
tomography (CT) images were captured from four dry skull models. The results reveal that the accuracy of the 
replica 3D models produced by stereolithography machine is appropriate within a margin of error that is acceptable 
for clinical applications. Galantucci et al. [9] studied the dimensional performance of two rapid prototyping machine 
using taguchi parameter design method. In this paper Galantucci et al. [9] design parameter is used for the further 
analysis using gray taguchi method. Campanelli et al. [10] studied various process parameters such as layer 
thickness, hatch overcure, hatch spacing, border overcure, fill spacing and fill cure depth of stereolithography 
process to improve dimensional accuracy of part/component without the need of post-processing. He concluded that 
hatch overcure and border overcure play an important role to improve the dimensional accuracy of parts and also 
eliminate the post-processing of parts. In high resolution the part accuracy improve when hatch overcure and border 
overcure set respectively to maximum and minimum value of the considered range. For normal resolution the hatch 
overcure and border overcure set respectively to medium and maximum value of the considered range. Due to 
technological evolution of 3-D printers, the present research work focused on the fabrication of parts from these 
open source printer for dimensional accuracy investigation. Therefore, authors investigate the relationship between 
the 3D open source printer process parameters along with their interactions and the dimensional accuracy of the 
product in different direction of built parts using Taguchi parameter design method. Taguchi design method gives 
different optimal parameters level setting for each different dimensional characteristic but this method is 
inappropriate to obtain optimum factors level setting when we considered each different dimensional characteristic 
simultaneously. Therefore, grey relational method can effectively establish a single optimum factors level setting for 
each different dimensional characteristic. Three different dimensional characteristic known as percentage change in 
length (L1), length (L2) and height (H) are considered to obtain the single optimum factors level setting. Due to 
technological evolution of Rapid prototyping, the present research work focused on the fabrication of parts using 
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two different rapid prototyping system namely open source 3D printer and fused deposition modelling machine for 
dimensional accuracy investigation. Therefore, authors investigate the relationship between each of different rapid 
prototyping machine parameters with their interactions on the dimensional accuracy of the product in different 
direction of built parts using Taguchi parameter design method. Taguchi design method gives different optimal 
parameters level setting for each different dimensional characteristic. This method is inappropriate to obtain 
optimum factors level setting when considered each different dimensional characteristic simultaneously. Therefore, 
grey relational method can effectively establish a single optimum factors level setting for each different dimensional 
characteristic. Three different dimensional characteristic are considered to get the single optimum factor setting. 
2. Material and Experimental Procedure
An open source 3D printer was selected to fabricate the test specimens. The extrusion head of 3D open source 
printer has a single nozzle to extrude the model material against the part/specimens fabrication direction. Another an 
eminent free form fabrication method such as fused deposition modelling technique was used to produce the test 
specimens for dimensional comparison with 3D open source product. Extrusion head move in the X-Y plane and the 
platform move in Z plane to deposit the model material according to part geometry. The ABS filaments material 
supplied to the extruder via a feeding system. Diameter and density of ABS filaments material is respectively 
1.75mm and 1.05g/cm3. ABS filaments fused at 245 °C when it enters in the extrusion head. The pressure applied by 
feeding system leads changes in the diameter of filaments from 1.75mm to 0.45mm. Extrusion head ejected the ABS 
filament in the form of semi-viscous material onto platform during deposition of layer.  The first layer adhesion is 
carried out using acetone with moistened cardboard. Three dimensional software (CATIA) was used to generate 3D 
CAD model (Fig. 1) of the parts and exported to STL (Stereolithography) file format. STL file format then 
transferred to the software. This machine software performs some necessary operation such as tessellation of 3D 
model, generation of head movement path and machine parameters. Further command and control instructions is 
given to machine for the fabrication of 3D parts. In this research three process parameters each at two levels with 
their total three interactions are considered for two different manufacturing techniques. Three parameters such as 
raster width, slice height, and path speed each at two levels are considered for 3D open source printer as shown in 
Table 1. Raster width, slice height, and tip dimension are considered for fused deposition modelling technique as 
shown in Table 1. Minitab 17 was used to perform 23 full factorial design of experimental plan. Experimental 
process was completed into two steps. In the first step fabrication of test specimens is done by varying the process 
parameter (slice height, path speed, and raster width). In the second step dimensional measurement such as 
length(L1), length(L2), and height(H) of test sample are performed. 
3. Methodology
Traditional experimental design methods are too intricate and difficult to use to solve these problems because a 
large number of experiments have to be performed as in increase of process parameters. To solve this problem 
Taguchi method uses a special design of orthogonal arrays to study the entire attribute space with a small number of 
experiments. Experimental results are then transformed into a signal-to-noise (S/N) ratio. Optimization function 
expressed in terms of S/N ratios. Signal-to-noise ratio approach finds the effect of each process parameter and 
deviation relative to desired value. The S/N ratio is the ratio of mean (signal) to the standard deviation (noise). 
Depending on the type of process characteristics there is various type of S/N available. Objective of experimental 
plan is to reduce the percentage change in length (L1), change in length (L2), and change in height (H), respectively. 
Here the S/N ratio ߟ is calculated using smaller the better quality characteristic [11]. Analysis of variance analysis 
(ANOVA) is a standard statistical technique to interpret the experimental results. It is extensively used to identify 
the performance of group of parameters under investigation. Purpose of ANOVA is to investigate the parameters, 
whose combination to total variation is significant. Experiment analysis is carried out using the software Minitab 
R17 specifically used for design of experiment. Optimum factor setting is predicted using S/N ratio. ANOVA is a 
standard statistical technique to determine effect of individual parameters and their interaction on the part accuracy 
by interpreting with experimental results. Steps are involved in the calculation of ANOVA is mention in reference 
[12]. Grey relational analysis involves two steps in the first steps pre-processing of experimental data is done while 
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second step is used for the calculation of grey relational coefficient. Taguchi method was used to analyze optimal 
process parameters of a single quality characteristic. For grey relational analysis multiple quality characteristics are 
combined into single objective for optimization. In the grey relational analysis, grey data processing of experimental 
results were carried out before the calculation of grey relational coefficients. There are several method used for data 
pre-processing. Data pre-processing converts the original reference sequence ܺ଴ሺ݇ሻ  to a sequence for 
comparison ௜ܺሺ݇ሻ,݅ ൌ ͳǡ ʹǡ ǥǥ ǡ݉Ǣ ݇ ൌ ͳǡ ʹǡ ǥǥ ǡ ݊, where the total number of experiment and total number of 
observation represented as “m” and “n” [13]. In step second the grey relational coefficient was calculated from the 
normalized experimental data to express the relationship between the desired and actual experimental data. The grey 
relational coefficient (ߛ) can be calculated. After calculation of grey relational coefficient the grey relational grade 
was computed, by averaging the grey relational coefficient corresponding to each process response, and is defined as 
follows. ௞ܹ is the weight percentage of total number of data observed. It is generally taken as one but for this 
experiment ௞ܹ is taken as 0.34, 0.34 and 0.32, for change length (L1), change length (L2) and height (H). Grey 
relational grade represents the relationship between the reference and comparability sequences. Maximum grey 
relation grade gives the optimum parameter levels setting [14]. 
Fig. 1. Test Specimen. 
4. Result and Discussion
Experimental analysis is carried out to find out the percentage change in length (L1), length (L2) and Height (H) 
for both the RP system as shown in Table 2. Smaller the better quality characteristic is used to convert percentage 
change in dimensions into S/N ratio value for both the RP system as shown in Table 2. ANOVA for 3D open source 
printer parts and for FDM parts are calculated for the different dimensions of part built as shown in Table 3. 
Dimensional performance characteristics namely percentage change in length (L1), length (L2) and Height (H) is 
used to identify the influence of important process parameter and their interaction on part dimensional accuracy. 
Main effect plot of 3D open source printer parts and FDM parts for S/N ratio is shown in Fig. (2a), Fig.(2b) and the 
optimum factor levels for both the RP system shown in Table 4. From Table 2 it is revels that shrinkage is occurs in 
the direction of length (L1) and length (L2) but dimension increases in the direction of height (H). Development of 
Inner stresses causes reduction along the direction of length (L1) and length (L2) resulting the contraction of 
material. The contraction of deposited thermoplastic material subjected due to cooling from melted temperature 
(Tm) to the glass-transition temperature (Tg). However, deposited material can acquire a larger deformation with 
less force, and the capacity to resist outside force is small when the cooling temperature ranges between Tm and Tg. 
Therefore, in spite of the contraction, the inner stresses of the deposited material are not accumulated. The inner 
stress is mainly produced in the course of the cooling temperature changing from the glass-transition temperature 
(Tg) to the chamber temperature (Te). Inner stresses resulting from uneven temperature gradients can affect the part 
size precision, part deformation, inner-layer delaminating, destroy the supporting structures between the main body 
of the part and the worktable [15]. The reason behind the uneven temperature gradients are explained as follows: The 
temperature quickly reduces due to heat dissipation by conduction and convection processes to solidify the material. 
Table 1.Factors and their levels for 3D open source printer parts and FDM parts 
Table 2.Change in dimension and S/N Ratio Data for 3D open source printer parts and FDM parts 
Factors for 3D OSP Symbol Level Unit Factors for FDM Symbol Level Unit 
Slice Height A 0.45 0.50 mm Raster Width RW 0.304 0.729 mm 
Raster Width  B 0.45 0.50 mm Slice Height SH 0.178 0.254 mm 
Path Speed C 7 10 mm/s Tip Dimension TD 0.254 0.305 mm 
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Change in dimension and S/N Ratio Data for 3D OSP parts Change in dimension and S/N Ratio Data for FDM parts 
E
x
p
Factors Change In Dimensions S/N Ratio Factors Change In Dimensions S/N Ratio 
A B C %Ch
ange
L1 
%Cha
nge
L2 
%C
hang
e H 
%Chan
ge L1 
%Chan
ge L2 
%Chan
ge H 
S
H
R
W
T
D
%Cha
nge
L1 
%Cha
nge
L2 
%C
hang
e H 
%Cha
nge
L1 
%Ch
ange
L2 
%Cha
nge H 
1 1 1 1 2 2.94 3.25 -6.020 -9.379 -10.23 1 1 1 0.556 0.444 1.87 5.105 7.04 -5.460 
2 2 1 1 1.72 1.28 3 -4.720 -2.128 -9.542 2 1 1 0.056 0.167 3.13 25.10 15.56 -9.897 
3 1 2 1 1.05 0.83 3.5 -0.465 1.584 -10.88 1 2 1 1.833 0.278 0.87 -5.264 11.12 1.159 
4 2 2 1 0.66 5.28 4.63 3.5305 -14.44 -13.30 2 2 1 0.556 3.389 1.25 5.105 -10.6 -1.938 
5 1 1 2 0.5 0.67 4.25 6.0206 3.5214 -12.56 1 1 2 0.722 0.444 0.63 2.826 7.043 4.082 
6 2 1 2 0.11 0.28 1.75 19.085 11.126 -4.860 2 1 2 0.222 0.722 1.13 13.06 2.826 -1.023 
7 1 2 2 0.66 0.22 2.63 3.5305 13.065 -8.382 1 2 2 0.5 0.5 3.38 6.020 6.020 -10.56 
8 2 2 2 0.83 0.5 2.13 1.5840 6.0206 -6.547 2 2 2 0.611 0.889 2.38 4.277 1.023 -7.513 
Table 3.Analysis of Variance table for 3D open source printer parts and FDM parts 
For 3D 
OSP 
Analysis of Variance table for %changeL1 Analysis of Variance table for 
%changeL2 
Analysis of Variance table for 
%changeH
Source DO 
F
Seq
SS
F P % of 
Contri 
DO 
F
Seq
SS
F P % of 
Contri 
DO 
F
Seq
SS
F P % of 
Contri 
A 1 33.68 0.86 0.524 7.96 1 8.447 1.33 0.516 1.33 1 7.637 8.05 0.216 13.22 
B 1 4.782 0.12 0.786 1.12 1 1.188 0.18 0.782 0.187 1 0.453 0.48 0.615 0.78 
C 1 179.5 4.58 0.278 42.42 1 422.0 45.3 0.094 66.36 1 16.83 17.74 0.148 29.13 
A*B 1 18.96 0.48 0.613 1.00 1 179.9 19.3 0.142 28.28 1 10.09 10.64 0.189 17.46 
A*C 1 4.239 0.11 0.798 4.48 1 10.90 1.17 0.475 1.71 1 15.87 16.72 0.153 27.46 
B*C 1 142.7 3.64 0.307 33.74 1 4.196 0.45 0.624 0.66 1 5.955 6.27 0.242 10.30 
R.Error 1 39.19    1 9.318    1 0.949    
Total 7 423.1    7 635.9    7 57.79    
For FDM  
A 1 188.81 273.28 0.038 34.45 1 62.85 0.58 .586 14.9 1 11.49 1.98 0.394 5.82 
B 1 161.6 233.99 0.042 29.50 1 77.55 0.71 0.553 18.4 1 5.378 0.93 0.512 2.72 
C 1 1.865 2.70 0.348 0.34 1 4.832 0.04 0.868 1.14 1 0.156 0.03 0.897 0.08 
A*B 1 58.37 84.49 0.069 10.65 1 120.3 1.11 0.484 28.5 1 11.27 1.94 0.396 5.71 
A*C 1 59.81 86.58 0.068 10.92 1 1.993 0.02 0.914 0.47 1 3.756 0.65 0.569 1.90 
B*C 1 76.74 111.07 0.060 14.0 1 46.35 0.43 0.632 10.9 1 159.5 27.44 0.120 80.8 
R.Error 1 0.691    1 108.5    1 5.812    
Total 7 547.9    7 422.4    7 197.3    
Table 4.Optimum factor level with significant factors and interactions for 3D open source printer parts and FDM parts 
Significant factors and interactions for 3D OSP Parts  Significant factors and interactions for FDM Parts 
Factors % Cha L1 % Cha L2 % Change H Factors % Change L1 % Change L2 % Change H 
A 0.50 0.45 0.50 SH  0.254 0.178 0.178 
B 0.45 0.50 0.45 RW 0.304 0.304 0.304 
C 10 10 10 TD 0.254 .254 0.305 
Significant A,C, BXC C,AXB,AXC C,AXB,AXC  SH, RW, RWTD SH , RW , SH RW SH, RW TD, SH RW 
Table 5.Result of grey Taguchi method for 3D open source printer parts and FDM parts 
Result of  grey Taguchi method for 3D open source printer parts Result of  grey Taguchi method for FDM parts  
Exp. 
No.
Rank Grey Relational coefficient Grey 
Relational
Grade 
Rank Grey Relational coefficient Grey Relational 
Grade 
(GRG) %Change
L1 
%Change
L2 
%Change
H
%Change
L1 
%Change
L2 
%Change
H
1 8 0.333 0.482 0.489 0.43195 5 0.64 0.852941 0.52381 0.679672 
2 6 0.370 0.705 0.535 0.53675 1 1 1 0.354839 0.806452 
3 5 0.5 0.805 0.451 0.59205 4 0.333333 0.935483 0.846154 0.697932 
4 7 0.630 0.333 .333 0.43695 8 0.64 0.333333 0.6875 0.546917 
5 4 0.629 0.850 0.365 0.62715 2 0.571429 0.852941 1 0.79853 
6 1 1 0.978 1 0.9923 3 0.842105 0.74359 0.733334 0.774993 
7 2 0.630 1 0.622 0.7571 6 0.666667 0.828572 0.333333 0.623334 
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8 3 0.567 0.901 0.793 0.7517 7 0.615385 0.690476 0.44 0.589051 
Table 6.Analysis of Variance table of GRG model for 3D open source printer parts and FDM parts 
Analysis of Variance table of GRG for 3D open source printer parts Analysis of Variance table of GRG for FDM parts 
Source DOF Seq SS F P % of Contri  Source DOF Seq SS F P % of Contri  
SH 1 1.2573 44.08 0.095 2.90 SH 1 0.2393 0.17 0.752 2.14% 
RW 1 0.0038 0.13 0.776  RW 1 7.3674 5.18 0.263 65.93 
PS 1 29.7387 1042.57 0.020 68.65 TD 1 0.0643 0.05 0.867 0.575 
SH*RW 1 9.1868 322.07 0.035 21.21 SH*RW 1 1.8383 1.29 0.459 16.45 
SH*PS 1 2.7320 95.78 0.065 6.31 SH*TD 1 0.0018 0.00 0.978 0.016 
RW*PS 1 0.3733 13.09 0.172 0.86 RW*TD 1 0.2420 0.17 0.751 2.166 
R. Error 1 0.0285    R.Error 1 1.4212    
Total 7 43.3205    Total 7 11.1742    
Bonding between the filaments is occurring due to the diffusion between previously solidified layer and depositing 
layer. The result of uneven temperature gradients is cause by uneven heating and cooling of material. Results revels 
that contraction of deposited thermoplastic material occurs due to generation of uneven inner stress. The path speed 
depositing the material in layered fashion alters the heating and cooling frequency and results in different degrees of 
thermal gradients in the part, which in turn affect the accuracy of the part. For lower slice thickness, path speed is 
slower as compared to higher slice thickness. During deposition, nozzle stops depositing material in random manner 
and return to service location for tip cleaning. Nozzle speed has to be decreased near to the boundary of part and 
then increase to maintain at constant speed while depositing the layer. Uneven stress develops if the length of part 
boundary for deposition is small [16, 17]. The raster pattern used to deposit a layer of material has a significant 
effect on the deflection of the manufactured part. For a beam substrate, a raster pattern with lines oriented 90 from 
the beam’s long axis produces the lowest deflections and higher stresses will be found with lines oriented 180 from 
the beam’s longest axis [18]. Part distortions are related to the stress accumulation during the deposition of layer. 
Stress accumulations increase with increasing the thickness of layer and road width. These two parameters also 
affect the number of layers and the tool paths required at each layer. Heating and cooling cycles may reduce by a 
thick layer having fewer layers. On the other hand, a smaller raster width will input less amount of heat into the 
system within a definite amount of time, but requires more loops to fill a certain area. This will complicate the 
temperature and influence the contraction of previously deposited material will be forced [16]. During deposition of 
a single layer or multiple layers, the cavity or air gap created between two raster in a same layer or between multiple 
layers may influence the heat dissipation. For the case of height, a slicing rule of most rapid prototyping (RP) 
systems cannot ensure unilateral tolerances on the whole prototype and often results in problems of overcut and 
undercut on the same part. This drawback leads to inadequate dimensional accuracy of the part in post processing. If 
all the tolerance is left outside the original work-piece contour, it is called positive tolerance and when all the 
tolerance is left inside the original work-piece contour, it is called a negative tolerance. Positive slicing method 
seems as main cause here to increase the height of the part [19]. In present study, the height of test specimen is taken 
as 8.0 mm. If test specimen is slices with minimum layer thickness of 0.45 mm then total 17.78 numbers of slices 
will be requisite by simple mathematical computation. Here, material flow rate is consider as uniform and total 
17.78 numbers of slices will be rounded off to nearest complete number 18. To prevent profile error RP system will 
deposit total 18 slices during part generation. The above given theory about slicing procedure is true for every 
orientation of part fabrication. Material overfilling is occurring between the two raster during diffusion process leads 
the non uniform layer fabrication. Due to this new layer deposited on the non-uniform previous layer will leads in 
increase of part dimension. Most significant process parameter and their interaction for different part dimensions are 
found out from the calculation of analysis of variance. From (Table 3 and Table 4), it is observed that the path speed 
and interaction between path speed and raster width affect the part accuracy most in length (L1). For the case of 
length (L2) the path speed and interaction between raster widths with slice height affect the part accuracy. Path 
speed and the interaction between path speeds with slice height affect the part accuracy in part build direction height 
(H). From (Table 3 and Table 4), it is observed that the slice height and raster width affect the part accuracy most in 
length (L1). For the case of length (L2) the raster width and interaction between raster widths with slice height affect 
the part accuracy. Further results revels that the slice height and interaction between raster width and Tip dimension 
affect the part accuracy most for part build direction height (H). When individual process parameters are combined 
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at optimum factor setting the part fabricated with minimum deviation. Taguchi method was used to analyze optimal 
process parameters of a single quality characteristic. For grey relational analysis multiple quality characteristics are 
combined into single objective for optimization. For this reason the grey relational analysis is used for the 
optimization. In this study %change length (L1), %change length L2 and %change height (H). For all the three 
quality characteristics the grey relation generation is calculated according to the smaller the better characteristics.  
Fig. 2. Main effect plot for S/N ratio for three dimensional characteristics (a) 3D open source printer parts (b) FDM Parts. 
Fig. 3. Factor effect plot of GRG (a) for 3D open source printer parts (b) for FDM Parts 
Grey relational coefficient can be calculated and then grey relational grade is calculated by averaging the grey 
relational coefficients. Results of grey relation coefficients along with grey relational grade of two different RP 
system namely 3D open source printer and fused deposition modelling machine are shown in Table 5. GRG main 
effect plot of 3D open source printer parts for S/N ratio is shown in Fig. 3a and optimum factor levels shown in 
Table 6. Further, GRG main effect plot of FDM parts for S/N ratio is shown in Fig.3b while optimum factor levels 
shown in Table 6. Analysis of variance of grey relation grade for change in length (L1), length (L2) and Height (H) 
is used to identify important process parameter and their interaction during part fabrication by different RP system.  
From Table 6, it is found that parameters such as path speed and interaction between raster widths with slice height 
change the part accuracy. For FDM parts Table 6 concluded that parameter namely raster widths and interaction 
between raster widths with slice height affect the parts dimensional accuracy. From this analysis it is concluded that 
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interaction between raster widths with slice height affect the dimensional accuracy of parts fabricated by both the 
RP system. Interaction between widths with height is a common parameter to influence accuracy of both the system. 
5. Conclusion 
Machine parameters are the most influencing factors for dimensional accuracy of the parts fabricated using two 
different RP systems namely 3D open source printer and fused deposition modelling machine. In this paper, three 
parameters namely raster width, slice height, and path speed each at two levels are considered an attempt has been 
made to find out the influence of these process parameter along with their interactions on the dimensional accuracy 
of 3D open source printer products. Apart from this another three parameters such as raster width, slice height, and 
tip dimension each at two levels are considered to find out the influence of these process parameter along with their 
interactions on the dimensional accuracy of parts fabricated using fused deposition modelling system.  Taguchi 
parameter design method has been used to find out the optimum parameters level. Result revels that dimension 
along the length L1 and length L2 is decrease due to shrinkage of deposition material and along the direction of 
height is increases due to availability of inappropriate slicing algorithms. Both the rapid prototyping systems involve 
large numbers of contradictory factors which influence the accuracy during part fabrication. For this, a standard 
optimizing methodology is used to find out the optimum parameter level setting for part fabrication. In this regard, 
grey taguchi method has the capability to combine all the multiple targets (percentage changes in length (L1), length 
(L2) and Height (H)) into single target. Maximum grey relation grade gives the optimum parameter levels setting. 
Result shows that slice height of 0.50 mm, raster width 0.45mm, and path speed of 10mm/s will improve the overall 
dimensional accuracy of part produced by 3D open source printer. For fused deposition modelling machine, slice 
height of 0.254mm, raster width 0.304mm, and tip dimension of 0.254mm will improve the overall dimensional 
accuracy of parts. For the parts fabrication, 3D open source printer gave sufficient part accuracy when it is compared 
with the fused deposition modelling machine. Experimental and numerical analysis revels that appropriate control of 
machine process parameters improve the overall dimensional accuracy of parts fabricated by open source printer. 
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